Combined effect of cigarette smoking and occupational noise exposure on hearing loss has rarely been evaluated among Chinese population, especially among females. This cross-sectional study was conducted in 11196 participants of Dongfeng-Tongji cohort study. Smoking status was self-reported through questionnaire and occupational noise exposure was evaluated through workplace noise level and/or the job titles. Hearing loss was defined as a pure-tone mean of 25 dB or higher at 0.5, 1, 2, and 4 kHz in both ears. Compared with participants without occupational noise exposure, the risk of hearing loss was significantly higher for noise exposure duration ≥20 (OR = 1.45, 95%CI = 1.28-1.65). The association was particularly evident among individuals who were males (OR = 1.74, 95%CI = 1.45-2.08) and aged ≥ 70 (OR = 1.74, 95%CI = 1.30-2.33). Similarly, the risks increased with the increasing of packyears in males and all age groups except for those aged <60. As to the combined effect, the hearing loss risk was highest for noise exposure duration ≥20 and pack-years ≥25 (OR = 2.41, 95%CI = 1.78-3.28), especially among males (OR = 2.42, 95%CI = 1.74-3.37) and those aged ≥70 (OR = 2.76, 95%CI = 1.36-5.60). Smoking may be an independent risk factor for hearing loss. And it may synergistically affect hearing when combined with occupational noise exposure, especially among males and older participants.
noise was thought to be a key reason for hearing loss 11 . Noise induced hearing loss (NIHL) is the change in the hearing threshold at different frequencies, it is chronic and characterized as sensorineural, usually symmetrical and bilateral 12 . NIHL could bring a lot of inconvenience to people in later life and cause a large social and economic burden, and hearing loss due to occupational noise has been described as a primary condition of modern society 13 . Published papers reported that an estimation of 278 million people were hearing disabilities in the world 14 , and the economic costs have been estimated to be about billions of dollars 15 . Although NIHL is permanent and irreversible, it is still preventable 16 . Except for occupational noise mentioned above, several other risk factors are also reported to be associated with hearing loss, such as age, sex, race, ototoxic medication, hypertension, and diabetes mellitus 17, 18 . Besides, cigarette smoking could also lead to elevated susceptibility to noise damage, as well as causing its own damage on hearing system 19 . Cigarette smoking is a common habit in the world, according to the World Health Organization, China has about 320 million smokers which represent one third of the world's total smokers 20 . As a modifiable lifestyle, the association between cigarette smoking and hearing loss has been paid more attention in recent years. However, the results of the published reports were inconsistent.
Several epidemiology studies have found a positive association between smoking and hearing loss [21] [22] [23] , but others do not support a uniform relationship 24, 25 . The association between smoking and hearing loss has rarely been evaluated among female participants and evidence is limited in China. Moreover, the combined effect involving smoking and occupational noise exposure on hearing loss is noticeable due to the high prevalence of smoking among occupational workers in China 26 . Therefore, we conducted a cross-sectional study to examine the independent and combined effects of smoking and occupational noise exposure on hearing loss in a large middle-aged and older Chinese population, especially to explore the association among female participants.
Results
Descriptive. Characteristics of the 11196 participants included in the analysis were reported by categories of hearing loss (Table 1) . Among them, 54.8% of participants were females, and 84.1% aged over 60. Overall, 34.7% were exposed to occupational noise (38.0% for male, 1922/5060; 32.1% for female, 1969/6136) and 14.7% were current smokers (37.2% for male, 1883/5060; 2.9% for female, 180/6136). The number of pack-years of smoking ranged from 0 to 195, with an average of 34.6 pack-years for current smokers and 24.9 for ex-smokers. The prevalence of hearing loss among all participants was 61.5% (72.9% for male and 52.1% for female). We observed pronounced differences in hearing loss prevalence by demographic characteristics. Prevalence of hearing loss was higher among men, aged over 70, current drinkers and subjects with hypertension, diabetes mellitus, coronary heart disease, myocardial infarction, and stroke. Current smokers and those exposed to occupational noise for 20 years or more were more inclined to have hearing loss.
Occupational noise exposure and hearing loss. Table 2 presented the odds ratios (ORs) and 95% confidence intervals (CIs) for the effect of occupational noise exposure on hearing loss. Compared with participants not exposed to occupational noise, the risk of hearing loss was significantly higher among noise exposure duration for 20 years or more group (OR = 1.45, 95%CI = 1.28-1.65), after adjusting for potential confounders. Stratified analyses revealed that the association between the longest noise exposure duration group (≥20 years) and hearing loss was significant in different sex and age group except for those aged less than 60. And they were more pronounced in males (OR = 1.74, 95%CI = 1.45-2.08) and those aged over 70 (OR = 1.74, 95%CI = 1.30-2.33). Meanwhile, the association was also found among females (OR = 1.21, 95%CI = 1.01-1.44) and those aged 60 ~ <70 (OR = 1.37, 95%CI = 1.17-1.61).
Smoking and hearing loss. The effect of smoking status on hearing loss was revealed in Table S1 . Compared with nonsmokers, current smokers had higher risk of hearing loss (OR = 1.38, 95%CI = 1.20-1.59). Stratified analyses indicated that the association was significant in males (OR = 1.34, 95%CI = 1.14-1.58) and all age groups but the oldest age group (≥70). Besides, it was not significant in females either (OR = 1.29, 95%CI = 0.92-1.82).
In order to explore whether the risk varied by amount of smoking exposure, the association between pack-years of exposure and hearing loss was also further evaluated in Table 3 . The odds ratios increased with the increasing of pack-years, and the highest exposure category (≥25 pack-years) got the highest risk (OR = 1.42, 95%CI = 1.21-1.66). In the stratified analysis, the similar trend was also found in males, and all age groups except for the youngest age group (<60). Besides, the association between pack-years of smoking and hearing loss was also found among females, the risk of hearing loss was statistically significant (OR = 1.54, 95%CI = 1.02-2.33) in the median exposure category (0 ~ <25 pack-years), not the highest exposure group (OR = 1.42, 95%CI = 0.71-2.84).
Combined association of occupational noise exposure and smoking on hearing loss. We further explored the combined association of occupational noise exposure and smoking on hearing loss (Table S2) . Compared with no-smoking and no occupational noise exposed participants, all other groups had higher risks of hearing loss except for the ex-smokers and not exposed to occupational noise, and those exposed to occupational noise and smoking got the highest risk (OR = 1.96, 95%CI = 1.60-2.41). Meanwhile, the combined associations were also found in the subgroup analyses, especially among males (OR = 2.06, 95%CI = 1.63-2.59) and the youngest age group (OR = 2.74, 95%CI = 1.41-5.34).
As no occupational noise exposure and no smoking were treat as the reference group. The association of pack-years of smoking and noise exposure duration was further assessed to test the dose-response relationship (Table 4) . Individuals with longer noise exposure duration (≥20 years) and more pack-years of smoking (≥25 pack-years) got the highest risk (OR = 2.41, 95%CI = 1.78-3.28). In the subgroup analyses, the combined associations were also found in males (OR = 2.42, 95%CI = 1.74-3. 
Discussion
To our best of knowledge, few studies evaluated the association of smoking and hearing loss among female subjects, as the low percentage of smokers among this group. And we also explored the independent and combined dose-response association of occupational noise exposure and smoking with hearing loss. Moreover, the data of our study were based on a large middle-aged and older Chinese population, which could provide more reliable results.
In the present study of middle-aged and older adults in Chinese retired workers, occupational noise exposure and cigarette smoking, independently or in combination, were found to be associated with increased risk of hearing loss. High risks of hearing loss were observed among participants long-term exposed to occupational noise and/or took more pack-years of smoking, even controlling for other confounders. Long-term exposed to occupational noise could damage hair cells of the organ of Corti directly, resulting in irreversible and progressive hearing loss 7 , which was known as noise-induced hearing loss (NIHL). Besides, it also revealed that smoking may be an independent risk factor for hearing loss and it may have a dose-response relationship on hearing loss, which was consistent with part of previous studies [27] [28] [29] . The divergent outcome may be due to the different definitions and criteria of NIHL among studies. Though the mechanism by which cigarette smoking increased the risk of hearing loss was not clear, it was indicated that smoking may damage hair cells by increasing carboxyhaemogolobin or by reducing blood flow to cochlea 23, 30, 31 . Our study showed the combined effect of smoking and occupational noise exposure was greater than their independent effects. Individuals with longest noise exposure duration and maximum pack-years got the highest risk in the present study, which was reported in other studies. Pouryaghoub et al. in Iran found smoking could accelerate noise induced hearing loss 32 , Ferrite and Santana in Brazil found smoking may synergistically affect hearing when in combination with noise exposure 33 . Mizoue et al. in Japan also found smoking was a risk factor for high frequency hearing loss and had a positive combined association with occupational noise exposure 19 . However, these studies were conducted among male workers, not including female workers. The results of our study showed the prevalence of hearing loss in females was lower than that in male participants. However, increased risks of hearing loss were also observed among female participants with cigarette smoking and long term exposure to occupational noise. It was concluded that low percent of smoking (male vs female, 37.2% vs 2.9%) or exposure to occupational noise (male vs female, 38.0% vs 32.1%) may contribute to the phenomenon in females.
In the present study, we also explored the independent and combined associations in the subgroup of sex and age. During the independent association, we did not found significant associations between maximum pack-years of smoking (≥25 pack-years) and hearing loss among females and the youngest age group (<60). Meanwhile, the combined associations were not found in aforementioned two groups either. However, these associations could also be found in other female (0 ~ <25 pack-years) and age groups (60 ~ <70 and ≥70). It may mainly be due to the small number of participants in these categories (ranging from 4 to 58), which resulting a limited statistical power. Thus the independent and combined associations among females and the youngest age group (<60) needed to be confirmed further in future studies with larger sample size.
Some limitations in the present study should also be acknowledged. First, our study was a cross-sectional design, which would restrict the evidence of causal inferences. Second, although a number of confounders were adjusted in our study, there were still some other factors which were not included, such as leisure time noise exposure, which was also reported to be associated with hearing loss 17 . However, the sample size of the present study was large, which could reduce possible bias. Thirdly, the results of our study were limited to middle-aged and older adults, thus it may not be generalized to populations of all ages.
In summary, the present study reveals that smoking is an independent risk factor for hearing loss. And it may synergistically affect hearing when in combination with occupational noise exposure, especially among males and older participants. The associations among females and the youngest age group need to be confirmed in future studies with larger sample size.
Methods
Study population. The study is embedded in Dongfeng-Tongji Cohort Study, a population based cohort study aimed at assessing the relationship of dietary, lifestyle, occupational and environmental factors and the development of chronic diseases, which has been reported elsewhere 34 . Briefly, all the participants were retired Adjusted for age/sex, race, shift work, occupational noise exposure, drinking status, hypertension, ototoxicity medicine, chronic diseases (diabetes mellitus, coronary heart disease, myocardial infarction and stroke). # The sample sizes vary slightly because of missing data.
employees from Dongfeng Motor Corporation (DMC), each participant has a unique medical insurance card number in the DMC's health-care service system. The cohort study was established in 2008 and was followed up for every five years. Finally, a total of 27,009 retired employees completed baseline questionnaires and medical examinations. And five years later, 25,978 individuals (96.2%) completed the follow-up until October 2013. In 2013, 11513 participants from the baseline underwent the audiometric examination. Further excluded from this group were individuals without auditory examination results (n = 57), those who provided incomplete baseline information (n = 100), leaving 11196 subjects for the present analysis.
Auditory measures and ascertainment of hearing loss. Each subject was given a general physical and an otologic examination first. Then pure-tone audiometry was performed in a sound-isolated room with a calibrated pure-tone audiometer (Micro-CD21) by certified audiologists. Air conduction thresholds were determined for each ear at 0.5, 1, 2, 4 and 8 kHz across an intensity range of −10 to 120 dB. The non-responses were coded as missing values. As occupational hearing loss was usually supposed to bilateral and fairly symmetrical 35 , it was defined as a pure-tone mean of 25 dB or higher at 0.5, 1, 2, and 4 kHz in both ears 36, 37 .
Noise exposure assessment. The occupational information of each subject was self-reported and obtained from questionnaire, which contained personal data on employment and variables about the work, such as the corporation, the job title and the duration of each job. The occupational noise level for each job title at workplace came from the company records which were measured by qualified institutions. Noise exposure levels for workplaces outside of DMC were determined through the job description, and were consulted with local occupational hygienists. The occupational noise exposure was defined as exposed to a time-weighted-average (TWA) noise level of 80 dB (A) for at least a year 29 . Besides, years of occupational noise exposure was divided into four groups: 0, 1 ~ <10, 10 ~ <20, ≥20. Table 4 . Odds ratios (95% CIs) of hearing loss by combined categories of occupational noise exposure and pack-years of smoking. * Adjusted for sex, age, race, shift work, drinking status, hypertension, ototoxicity medicine, chronic diseases (diabetes mellitus, coronary heart disease, myocardial infarction and stroke).
† Adjusted for age, race, shift work, smoking status, drinking status, hypertension, ototoxicity medicine, chronic diseases (diabetes mellitus, coronary heart disease, myocardial infarction and stroke). ‡ Adjusted for sex, race, shift work, smoking status, drinking status, hypertension, ototoxicity medicine, chronic diseases (diabetes mellitus, coronary heart disease, myocardial infarction and stroke). Smoking assessment. Smoking status was self-reported and it was divided into three groups: current smokers, ex-smokers and nonsmokers. Individuals smoking at least one cigarette per day for more than half a year were defined as current smokers. Nonsmokers were defined as those who seldom or had never smoked in their lifetime. And ex-smokers were those who ever smoke and do not smoke at present. The number of cigarettes smoked or ever smoked per day and the duration of smoking was also recorded for current smokers and ex-smokers. Meanwhile, total pack-years were defined as the number of cigarettes smoked per day divided by 20 per pack, and then multiplied by years of smoking 21 .
Ethical approval. The study was approved by the Ethics and Human Subject committee of Tongji Medical College, and Dongfeng General Hospital, DMC. The methods were carried out in accordance with the relevant guidelines and regulations. The written informed consents were obtained from all the participants.
Covariates. Information on sociodemographic characteristics (sex, age, and race), shift work, drinking status, hypertension, ototoxicity medicine, and chronic diseases history were collected through a questionnaire by face to face interview with trained interviewers. As hearing loss varied by age 17 , it was classified into three groups: <60, 60 ~ <70, ≥70. Individuals who drink at least one time per week for more than half a year were defined as current drinkers. And non-drinkers were defined as those who seldom or had never drank in their lifetime. Hypertension was defined as blood pressure ≥140/90 mmHg or self-reported physician diagnosis of hypertension or self-reported current use of antihypertensive medication. Use of ototoxic medication was counted when participants reported medications of loop diuretics, aminoglycoside or non-steroidal anti-inflammatory drugs. Chronic diseases history diagnosed by a physician was reported by the participants, including diabetes mellitus, coronary heart disease, myocardial infarction, and stroke.
Statistical Analysis. Sociodemographic characteristic of participants was reported as mean (SD) for continuous variables and as number (percentages) for categorical variables. Logistic regressions were performed to evaluate the independent and combined associations of occupational noise exposure and smoking with hearing loss. Then the associations were further evaluated with stratified sex and age, based on previous published reports suggesting that age and sex may be important factors for hearing loss 21, 38 . The models were conducted with those do not smoke and no occupational noise exposure as the reference group. We chose covariates which could affect hearing loss according to evidence from published literatures 17, 21 . Covariates included age, sex, race, shift work, drinking status, hypertension, ototoxicity medicine, and chronic diseases history (diabetes mellitus, coronary heart disease, myocardial infarction and stroke). All statistical analyses were performed using SAS version 9.2 software (SAS institute Inc., Cary, NC). The statistical tests were two sided, and significance was set at P < 0.05. Data Availability. The datasets generated during and/or analyzed during the current study are available from the corresponding author on reasonable request.
